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ABSTRACT 

This work is aimed to study a characteristic of gas production during thermal and 

catalytic processing on combustion of heavy oil. Oil/sand sample was subjected 

to a linear heating program 5oC/min from room temperature to a set point 

temperature 400oC under continuous flowing of air 250 ml/min on a low pressure 

3 bar. Combustion gases produced were allowed to flow to a condenser and 

further were flowed through a drierite bed prior to measure by a GC continuously. 

Combustion gases produced and oxygen consumption profiles were confirmed 

that the combustion process has been successfully conducted during 

experiments. A lighter oil of 23.3oAPI was produced from the catalytic run 

compared with oil of 19.3oAPI resulted from the non-catalytic run.   

 

Key words: In situ combustion, heavy oil, catalyst, thermal and catalytic 

processes, combustion gases produced 

 

 

1. Introduction 

 

The crude oil demand trends to increase whilist the world‘s supply of crude oil is 

steadily depleting. This depletion is due to some difficulties in production. Over 

than one-half of world crude oil reserves, is still remaining in the reservoir after 

conventional production of primary and secondary recoveries, those awaiting for 

development, Farouq Ali and Thomas, (1996) and Weissman et al, (1996).   

 

Oil production by primary recovery is known where the oil produces from 

reservoir is driven by the natural driving force available in the reserves. About 10 

to 15% of originally oil in place (OOIP) have been produced by this primary 

method. As the oil production is depleted because of driving force is no longer 

enough to drive the oil due to oils contained have more heavier character another 

method needed to place. Secondary recoveries have been known to produce the 

crude oil after the primary recovery to meet a production target. Water flood is 
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one of the methods. About 10 to 15 % addition oil have been reported produce by 

the secondary recovery method.  

Due to any limitation of the secondary recovery method then it has been no 

longer can be applied to produce the crude oil left which its quality trends 

becoming solidified. So any attempt to try to produce more oil after primary and 

secondary recovery methods by applying any other driving force to stimulate 

production is called tertiary recovery or enhanced oil recovery (EOR) method. 

Chemical and polymer flooding, hydrocarbon miscible and non-miscible gas 

flooding and thermal method such as steam flooding and in situ combustion are 

among of them.  

 

In heavy oil reservoirs, the most effective way and sometimes the only way to 

stimulate production is by the application of heat. The thermal energy may be 

introduced from surface in the form of either hot water, gases, or by steam 

injection. It may also be generated in situ by burning part of the oil in the 

underground reservoirs, a process known as in situ combustion (ISC) (Greaves 

et al, 1993). The in situ combustion (ISC) is one of the EOR methods. It works 

based on applying heat on feeding of air to burn part of oil which produces heat 

and gases by combustion and the rest of the oil is moved out driven by the 

mixture of air and the effluent gases Garthoffner, 1998 Weissman et al, (1996) 

and Kisler, J.P. and Shallcross, D.C., 1997). An illustration of how the ISC works 

in the field application given by Millington et al (1994) which have been available 

eslsewhere. 

 

There have been reports of in situ upgrading taking advantage of the fact that 

simple thermal processing of crude oil can result in upgrading through 

visbreaking or thermal cracking.  Upgrading of oil causes alterations in some 

physical and chemical properties of crude oil  (Burger et al, 1985). In terms of 

physical characteristics upgraded oil shows density and viscosity decreases. On 

the other hand any increase of composition of oil fractions such as saturates and 

aromatics, while decreasing those of resins and asphaltenes as well as sulfur and 

metal contents can be a benefit of oil upgrading. This paper is focused explained 

the characteristic of gases production during the in situ combustion on thermal 

and catalytic upgrading oil of heavy oil. Experiments have been done to try to 

have a better understanding of process of the in situ combustion, effect of some 

parameters related to the process and any possibility to improve the process in 

the laboratory to meet the application for upgrading oil and improve production. 

 

2. Experimental 

 

The system comprises a combustion tube connected with an air supply system, a 

product collector and gas analyzer systems as could be found elsewhere, (Bahri 

and Hughes, 2000) and Bahri and Muhdarina, 2002). The tube reactor of 

stainless steel construction has a length of 53 cm and an ID of 5.2 cm. The tube 
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is wound with a heating coil. Insulation surrounds the tube to minimize heat 

losses. 

Thermocouples are positioned on the tube wall for monitoring the heating 

temperatures of the bed and another thermocouple was put inside a thermowell 

and positioned in the center of the tube to measure the temperature of inside the 

bed. The heating temperature is ramped and controlled by a temperature 

controller. The sample, a mixture of sand, oil and water is packed into the tube. 

The characteristics of the materials sample and catalyst are given in Table 1. 

 

Table 1 Material sample  

________________________________________________________________

_____________________________ 

Materials: 

________________________________________________________________

_____________________________ 

Sand      : Washed silica sand 

Sand size, mesh     : 150 

Sand grain density, g/cc    : 2.553 

Sand bulk density , g/cc    : 1.468 

Sand porosity, %     : 42.52 

Oil      : Wolf Lake 

Density, g/cc     : 0.993 

Gravity, API     : 10.95 

Catalyst      : CoMo/alumina of 

AKZONOBEL 

Catalyst amount, % w/w    : 4 

________________________________________________________________

_____________________________ 

 

________________________________________________________________

_____________________________ 

Sample mixture: 

________________________________________________________________

____________________________ 

Sand contained of 

Oil saturation (So),  % v/v    : 40 

Water saturation (Sw), % v/v   : 0 

________________________________________________________________

_____________________________ 

 

Table 2 Experimental conditions  

________________________________________________________________

_____________________________ 
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Air injection flow rate, ml/min    : 250   

Air pressure, bar     : 3 

Air flux, sm3/m2 h    : 6.8 

Temperature set point, C    : 400 

Temp. ramp rate, C./min    : 5 

 

The Sand, (i.e.washed silica sand of 50 mesh, 355.0 g), with oil and water 

saturations of 40% and 0% respectively are mixed gently. Dichloromethane is 

used to dissolve the oil prior to mixing. The sample is tamped down into the tube 

for a  

 

10 cm length of tube at the center position. The rest of the tube is filled with 

porcelain beads to function as a material support in heating of the injected air, 

and gas and oil produced.  

Before starting an experiment air is supplied into the system for about 30 minutes 

to equilibrate with the atmosphere. The tube was then heated linearly at a ramp 

of 5o C/minute to 400o C while air is kept supplied at a constant flow of 250 

ml/minute and pressure of 3 bars. The experimental conditions are shown in 

Table 2. The gas and liquid produced are allowed to flow through a condenser, 

and the gas is further sent to a GC and the liquid is collected. The experiment is 

terminated when carbon oxides are no longer produced. 

 

3.  Results and Discussions 

 

Typical effluent combustion gases production, oxygen consumption as well as 

temperature-time profiles are presented in Figure 2 and 3 for non- and catalytic 

runs respectively. 

 

Figure 2. Profile of gases combustion production, oxygen consumption and 

temperature versus time for non catalytic run 
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From Figure 2 it showed that gas CO2 is started production around about one 

hour from beginning and reached the maximum production of 14 mole %. The 

gas CO2 production is taken place in period of 5.5 hours.  

 

 

 

Figure 3.  Profile of gases combustion production, oxygen consumption and 

temperature versus time for catalytic run 

 

Figure 3 showed that CO2 is started production at around the same time as in 

former run and reached maximum production of 18 mole % in a period of 8.5 

hours which is a longer period than the former run. Similarly there was found a 

region where oxygen produced in minimum amounts of around 1 mole % 

(meaning that a maximum oxygen has been consumed in about 20 mole %) 

reflected the oxygen consumption on oxidation reaction for both runs but on the 

catalytic run is taken place in a longer period. This result is in good agreement 

with Al-Saghr, (1998)  that revealed similar evidence. 

The interesting result is given by the CO production profiles in the catalytic run 

where there is a period of a decreasing in CO production while CO2 production is 

noticed increases. Most probably this is confirmed the occurrence of water gas 

shift reaction on consuming CO in the existence of steam producing CO2 assisted 

by catalyst. This observation is similar with result has been reported by 

Weissmann et al, (1996) confirmed the water gas shift reaction were occurrenced 

on oil combustion in the existence of catalyst. Evidently the catalytic runs were 

facilitated the combustion reaction better than the non-catalytic runs. 

The combustion characteristics is shown in Table 3. It has been found apparent 

atomic hydrogen carbon (H/C) and (CO/(CO+CO2)) ratios of 0.6427 and 0.2821 

for non-catalytic runs and 0.6493 and 0.1451 for catalytic runs respectively. 

These results gave indications that can be assumed that some oils have been 

burned and fuel has been combusted on consuming oxygen during the run. 

These values confirmed that the oxidation has been facilitated during the runs 
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and taken place better on the catalytic runs. The same result has been reported 

by Al-Saghr (1998). 

 

 

 

 

 

 

Table 3 Characteristic of gas produced  

________________________________________________________________

____________________________ 

Run  Non-catalytic  

 

Catalytic 

 

H/C ratio 0.6427 0.6493 

CO/(CO+CO2) 0.2821 0.1451 

Fuel burnt, % OOIP 19.9 38.13 

Fuel consumed, kg/m3 36.1156 55.3 

Oxygen utilization, % 62.0135 79.76 

Run period, h 10 10 

 

 

 The Oil production is presented in Table 4. For non-catalytic run produced 

oil has a gravity of 19.3oAPI which is 8.35 degrees higher than the original oil and 

for catalytic run produced oil has 23.3oAPI which is 12.35 degrees higher than the 

original oil. These results confirmed that catalytic run facilitated better oil 

upgrading due to combined of thermal and catalytic process effects. Oil recovery 

66% OOIP is produced by the non-catalytic run while 56% OOIP is resulted from 

the catalytic run. Less oil is recovered from the catalytic run due to addition oil 

has been burned reflected a better combustion reaction has been facilitated by 

the existence of catalyst. 

 

Table 4 Oil produced from non and catalytic combustion   

________________________________________________________________

_____________________________ 

RUN 

 

Gravity 

API 

Oil recovered 

% 

 

Original oil  

 

10.95 

 

NA (not 

available) 

Non-catalytic   19.3 66 

Catalytic  23.3 56 

________________________________________________________________

_____________________________ 
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4. Conclusions 

 

Profile of combustion gases and oxygen consumption during experiment has 

been confirmed.  It was noticed that CO gas produced has been suppressed on 

the catalytic run due to the water gas shift reaction. On the non-catalytic runs oil 

has been upgraded due to thermal effect imposed while combined of thermal and 

catalytic processes have been taken place during the catalytic runs. Higher 

amount oil recovered is given by the non-catalytic runs compared with the 

catalytic runs due to more oil has been burned during the catalytic run reflected 

the existence of catalyst in assisting the combustion catalytic processes. A lighter 

oil of 23.3oAPI is produced by catalytic run compared with oil of 19.3oAPI for the 

non-catalytic run. 
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